In order to obtain a more accurate interval of an accident reconstruction result, two modified experiment design methods were proposed. The first is based on the orthogonal design (OD) and it is named as the orthogonal-based design (OBD), while the other is based on the uniform design (UD) and it is named as the multi-response surface-uniform design (MUD). Furthermore, some conclusions are given according to seven numerical cases: results obtained from the Latin hypercube sampling design (LHS) are the worst, while those obtained from the UD are the last but one, and all are worse than the results obtained from the OBD and the MUD. Furthermore, some conclusions about the number of simulation runs of each design of experiment (DOE) can be given: if the second order response surface model is selected, the number of simulation runs of the LHS is the same as the UD, and all are lesser than the number of simulation runs of the OBD and the MUD in most cases. As for the OBD and the MUD, the number of simulation runs of the OBD is lesser than the number of simulation runs of the MUD, but the MUD can be applied more widely than the OBD. Finally, a true vehicle-pedestrian accident case is given, Pc-Crash was used to reconstruct the accident based on all traces provided by the police, and the interval of the impact velocity of the vehicle was calculated using the OBD, results showed that the research is meaningful in practice.
Introduction
Due to the influence of the environment such as the rain and/or the cognitive limitation of people, many traces in an accident cannot be given accurately, the only known information is their intervals. 1, 2 In order to make the reconstructed results more believable, such intervals should be reflected in the accident reconstruction result. The problem can be tackled by the help of uncertainty analysis, through which the interval of a reconstructed result can be calculated according to those input interval traces. 3, 4 Though there are many methods for analyzing uncertainty of accident reconstruction results, [5] [6] [7] [8] many methods cannot be used in analyzing uncertainty of simulation results because of the accident reconstruction model in a simulation is implicit or too complicated. Under such condition, a methodology named response surface methodology (RSM) was proposed, cases showed that the methodology can work well under any condition and results are reasonable. [9] [10] [11] However, in order to calculate the interval of the reconstructed result with a RSM, a high precision response surface model should be obtained firstly, whose basis is the simulation test data. The more reasonable the simulation test data, the more reasonable the response surface model, the more accurate the interval of the reconstructed result. If there are enough space filling sample points in the definition domain defined by interval traces, a reasonable response surface model can be given and the high precision interval of the reconstructed result can also be obtained. As we know, conducting a large number of experiments, even simulation experiments, is difficult in practice, and considering each accident is different, the accident reconstructionist wants to obtain a reasonable interval of the simulation result through an acceptable number of simulation tests, which can be tackled with the help of design of experiment (DOE). What are commonly used DOEs in an accident reconstruction? Which one is the best one? And can they be improved in the field? All will be discussed in the next section.
Problem description
All accident reconstruction models can be recorded as
Where X are the input traces, and Y are accident reconstruction results. In most cases, Y represents the vehicle velocity and/or the impact position, s represents the number of input parameters. Due to the influence of the other vehicle, pedestrian, dust or rain and snow, traces in the accident scene cannot be measured accurately in accident investigations. Under such conditions, the x i in the formula (1) is uncertain, they can be recorded as an interval usually, such as ½x
, the superscript L represents the lower boundary, while the U represents the upper boundary. Then, all this uncertain information should be introduced to the calculation in the formula (1) in order to obtain a reasonable and objective interval of Y.
In accident reconstruction, in order to use as many traces as possible, simulation software is usual adopted. However, the expressions of simulation software is implicit or too complicated. Though there are many uncertainty analysis methods, only a few methods can be used in analyzing the uncertainty of a simulation result, such as the Upper and Lower boundary Method (ULM), 4 Finite Difference Method (FDM) 12 and the RSM. [9] [10] [11] In the RSM, a response surface model g should be found to replace the f firstly, and then the uncertainty of simulation results is analyzed by combining the existing uncertainty analysis methods and the response surface model g. According to Zou's 11 research, the RSM has many advantages, such as reasonable simulation times, good results and it can work under any conditions; but the methodology also has disadvantages, it cannot work well if the response surface model g is unsuitable.
Therefore, how to obtain a more accurate response surface model becomes an important problem, this is a hot research topic in many fields, many methods have been proposed and all have been widely used in practice, such as the support vector machine, 13, 14 polynomial regression, 15 random forest 16, 17 and neural net. 18, 19 The cornerstone of all methods is basis data, so how to obtain suitable basis data becomes another important problem. In accident reconstruction, more sample points in the definition domain are preferred. On the other hand, as for the accident reconstructionist, less essential sample points during an analysis are better, especially, in complicated simulation analysis. Under such conditions, the space filling design is supposed to be the suitable experiment design in simulation tests in order to generate basis data for obtaining the response surface model, such as the uniform design (UD) 20 and the Latin hypercube sampling design (LHS), 21 which are all commonly used in analyzing uncertainty of simulation results. Now, the rough steps for analyzing uncertainty of simulation results can be given as follows. As for the accident reconstructionist, steps 1 and 3 are easy, while steps 2, 4 and 5 are challenges. There are many existing methods supporting steps 4 and 5, so they will not be discussed in the paper. Although there are also many methods supporting step 2, because there are some special characters in analyzing uncertainty of simulation results in accident reconstruction, step 2 needs to be studied thoroughly.
As we know, the main assignment in analyzing the uncertainty of an accident reconstruction result is to obtain the upper and lower boundary of a reconstructed result according to the intervals of inputting uncertain traces. It means that the domain, which will produce the extreme value is interesting, and there should be more sample points in the domain. The problem is: how to do it? This will be discussed in the paper. In the next section some commonly used DOEs, such as UD, LHS and orthogonal design (OD), will be introduced firstly; and then two new methods named orthogonal-based design (OBD) and multi-response surface-uniform design (MUD) will be proposed. Finally, numerical cases and true traffic accidents will be given to validate the feasibility of these DOEs.
The uniform design
The UD is one kind of space filling design and it seeks sample points to be uniformly scattered on the domain, it was proposed by mathematicians Fang 22 Tables 1 and 2 , it is easily found that the UD table will not change after the number of runs and factors are all fixed.
After the UD table is selected, factors will be put into the corresponding columns, and then transform the levels marked by 1, 2, 3, etc. into the real levels of the factors. Then the sample set can be obtained, which is usually named as the design table.
The Latin hypercube sampling design
The LHS was proposed by Mckay in 1979 . 28 There are many common points between the UD and the LHS, their origin theory is the overall mean model, all are based on the U-design, all are space filling design, all seeks sample points to be uniformly scattered on the domain, all can be applied in different model and all are robust. The biggest difference is that the sample points in LHS are random. 29 Due to the advantages of the LHS, over the next few decades, the LHS developed rapidly, many new theories were proposed [30] [31] [32] [33] and they are applied in different fields of science. [34] [35] [36] [37] It is easy to obtain a LHS table through the help of some software such as Matlab, the steps are as follows. Tables 3 and 4 , it can be concluded that even if the number of runs and intervals of factors are all fixed, the LHS table will be different in a different time. This is one reason why the LHS is not recommended in analyzing uncertainty of simulation results in accident reconstruction in Zou et al.
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The orthogonal design
The basis of the OD is Taguchi design, which was proposed by Taguchi Gen'ichi in the 1950s. As it can be easily mastered and it is useful in practice, the OD becomes the most basic method of DOE, hence almost all books about DOE will introduce this method. 38 In most cases, the OD is used to identify the main factor or rank factors according to their influence on the index. [39] [40] [41] In other words, the method is commonly used for analyzing the sensitivity of factors. In order to do sensitivity analysis, steps can be given as follows. ). After the OD table is selected, factors will be put into the corresponding columns, and then the levels marked by 1, 2, etc. will be transformed into the real levels of the factors. The OD table will not be changed anymore after the number of runs and the levels of factors are all fixed.
In step 4, a simple and most commonly used method is the extreme difference analysis method, which is shown in Table 6 . In which the y is an index. Through Table 6 , it can be found that the order of these three factors are 1, 2, and 3, where factor 1 has the biggest influence on the index y.
Why is the analysis so convenient? One of the reasons is that the OD has two characteristics of ''uniformity and decentralization, orderliness and comparable.'' The latter ensures that the comparison of the experiment results is convenient, while the former ensures that the sample points are scattered uniformly over the domain. It means that the OD is the same as the UD and LHS, all seek sample points to be uniformly scattered on the definition domain. Figure 1 shows sample points generated by different DOEs, in which ''x1'' and ''x2'' represents two factors respectively, ''LHS'' represents sample points generated by LHS, ''UD'' represents sample points generated by UD and ''OD'' represents sample points generated by OD. Intervals of x1 and x2 are [1, 5] in both the number of runs was 9.
Through Figure 1 , relative to LHS and UD, more sample points are generated by the OD which lies on the boundary defined by the intervals of factors. According to Zou's research, 1,11 the minimum and maximum values lie on the boundary if the accident reconstruction model is a strict monotonic function. Hence, the OD will be a good DOE under such conditions.
Numerical case 1
A simple numerical case will be given to show this conclusion, the model was given as
Where x 1 and x 2 are two independent variables, and their intervals are [1, 5] , the truth interval of y is [4, 180] . In order to make the comparison more convenient, the second order response surface model was selected, and the Monte Carlo method was used for calculating the interval of y with a simulation time 10 8 , the same used in all numerical cases in the later. All results were listed in Table 7 . From Table 7 , it can be found that the result obtained from the OD is the best. In order to make the comparison more convenient, an interval Finally, the obtained error er should be standardized by dividing the r, and the standardized er was recorded as ers in the paper. Then the results obtained from different DOEs can be listed in Table 8 . All comparisons in all other numerical cases in the paper will be listed in such tables in the next section. From Table 8 , it can be easily found that the result obtained from the OD is the best one and the results obtained from the LHS are the worst.
From Figure 1 , relative to the LHS and the UD, lesser sample points generated by the OD lie in the definition domain. If the accident reconstruction model is a nonlinear function, errors of results obtained from the OD will be increased. 
Numerical case 2
A simple numerical case will also be given to show this conclusion, the model was given as
Where x 1 and x 2 are two independent variables, and the interval of x 1 is [21, 2] , while the interval of x 2 is [22, 5] . The truth interval of y is [212, 28] . Results obtained from different DOEs are listed in Table 9 . From Table 9 , it can easily be found that the results obtained from the OD are also the best one, while from the LHS are the worst. However, relative to Table 8 , the ers in Table 9 are worse than the ers in Table 8 , this shows that the OD needs to be improved.
Orthogonal-based design
As we know, more sample points in the most probable area is a basic guiding principle in optimization problems. Due to the character of ''orderliness and comparable'' of the OD, the most probable area can be easily found by the extreme difference analysis method, and then more sample points can be arranged in such an area. Based on such an idea, a DOE named OBD can be proposed for analyzing intervals of the index. Let's take the maximum value for example, the steps of the OBD can be given as follows.
Step 1. Confirm levels of those selected factors. In order to consider the probable extreme value in the definition domain, levels of each factor should be . 3, and the length between two levels of the ith factor is recorded as a i .
Step 2. Choose a reasonable OD table. After levels of each factor and number of runs are selected, the OD table will be fixed.
Step 3. Conduct experiments according to the OD table.
Step 4. Find out the most probable combination of levels for generating the maximum and minimum value of the index. The extreme difference analysis method is recommended here, and the most probable combination of levels is recorded as M-point in the next step.
Step 5. Conduct experiments again. Firstly, experiments should be conducted according to the M-point, if experiments have been conducted in step 3, this process can be ignored. Then, new sample points will be generated by moving the M-point in the positive and negative direction of each factor with a step a i /2 n , the new sample point is considered as a new M-point and then this step is performed again and again until the maximum value is found, the n means the cycle index here.
If the OBD was selected to generate sample points in analyzing uncertainty of simulation results in accident reconstruction, two more steps should be added.
Step 6. Obtain a response surface model based on all experiment results, and then the interval of the index should be calculated, which can be recorded as [y min , y max ].
Step 7. Give out the upper and lower boundary of the index. Comparing with the y min and all experimental results, the minimum value is considered as the lower boundary of the index; similarly, comparing with the y max and all experiment results, the maximum value is considered as the upper boundary of the index.
Numerical case 3
A numerical case will be given here to show the application of the OBD. The model and intervals of factors are all the same as in case 2. Steps 1-5 of the OBD are shown in Table 10 . The response surface model of this case can be obtained according to the experimental data listed in Table 10 , which can be given as y = 4:47 + 5:7x 1 À0:92x Table 10 , the interval of y can be given, which is [211.98, 31.52].
From Table 10 , it can be found that the number of runs of the OBD is 17, in order to make the comparison convenient, the runs of the UD and LHS are all 17 also. Sample points are shown in Figure 2 , samples points generated by LHS, UD, and OD are scattered uniformly on the definition domain; while samples points generated by OBD are not, more sample points center on the upper right corner of the definition domain, and this means that there will be a maximum or minimum value in the area. Results obtained from different DOEs are all listed in Table 11 .
From Table 11 , it can be easily found that the ers of the OBD are only about a half of the ers obtained from the OD in Table 9 , and all are better than the results obtained from LHS and UD. This means that the OBD is a good alternative DOE in uncertainty analysis. As for the UD and LHS, results obtained from the UD are better than the results obtained from the LHS.
A multi-response surface-uniform design
As we known, the UD and the LHS are frequently employed in generating sample points in DOEs, and they are all of space filling design, all are suitable in simulation design. According to the analysis above, the UD and the LHS are all worse than the OBD, whether they can be improved is an interesting problem. Considering that there are many common points between the UD and LHS, and that the results obtained from the UD are better than the results obtained from the LHS in numerical cases above, only the UD will be discussed in this section.
The most important assignment in analyzing the uncertainty of accident reconstruction results is to obtain the maximum and minimum value of the reconstructed result. Then, if the definition domain which will generate the maximum or minimum value can be obtained, more sample points can be generated in such a domain, and a response surface model can be given in each domain. Finally, the maximum and minimum value can be given according to those obtained response surface models. Such a method is recorded as MUD, steps of the MUD are as follows.
Step 1. As for an s factor problem, if the interval of each factor is supposed to be divided into n sub-intervals, generating more than k sample points in each subinterval and there are nk sample points of each factor. Comparison with the description of the UD table in section 2, the nk means the number of runs, which means that the UD Step 2. Comparison with the OD, each sub-interval of each factor is considered as a level of the factor and the average value of the experiment results in the subinterval of each factor is considered as the value of the index, and then the extreme difference analysis method can be employed in analyzing the experiment results. The most probable sub-definition domain, which will generate the extreme value can be obtained easily after the analysis.
Step 3. Generating new sample points in the obtained most probable sub-definition domain, the UD table Ua(a s ) is recommended here, where a = (s 2 + 3s + 4)/2. The experiments are then conducted according to these sample points.
If the MUD was selected to generate sample points in analyzing the uncertainty of simulation results in an accident reconstruction, two more steps should also be added.
Step 4. Obtain the response surface model in the most probable sub-definition domain by regression methods; furthermore, the response surface model in the definition domain should be given according to all sample points and its experimental results. The upper and lower boundary of the index can then be calculated by combining these obtained models and the Monte Carlo method.
Step 5. Give out the lower and upper boundary of the index in the definition domain.
Numerical case 4
A numerical case will be given here to show the application of the MUD. The model and intervals of factors are all the same as case 2.
Step 1. Make k = n = 3, and then a UD table U 9 ( (9) 2 ) was selected, the design table and experiments results are all listed in Table 12 .
Step 2. The process of this step was shown in Table 13 . Through Table 13 Step 3. New sample points are generated in these two most probable sub-definition domains, the design table and experiment results are listed in Table 14 , the response surface model can be given by the regression method.
The model for generating the maximum value is y=À 0:485+7:15x 1 À5:51x The correlation coefficient and residual standard deviation are 1 and 0.06, respectively. Then the maximum value of y can be calculated by combining equation (5) and the Monte Carlo method, which is 25.67. The model for generating the minimum value is y = À 14:7 + 22x 1 + 6:69x 2 À 6:64x 
The correlation coefficient and residual standard deviation are 0.98 and 0.46, respectively. The minimum value of y can be calculated by combining equation (6) and the Monte Carlo method, which is 29.07. The model in the definition domain is 
The correlation coefficient and residual standard deviation are 0.95 and 2.22, respectively. The interval of y can be given, which is [26.22, 27 .61].
Step 4. The interval of y can be given finally according to the analysis in step 3, which is [29.07, 27 .61]. All results were listed in Table 15 .
From Table 15 , it can be easily found that the result obtained from the MUD is the best one, with the OBD taking the second place, while the LHS is the worst one.
Numerical cases
In order to compare DOEs mentioned in the paper, another three numerical cases will be given in this section.
Numerical case 5
The model of this case is the same as the model in case 2, it is
Where x 1 and x 2 are two independent variables, and the interval of x 1 is [2, 4] , while the interval of x 2 is [2, 6] , the truth value of y is [252.0, 32.0]. Then, the OBD, LHS, UD and MUD were all employed to generate sample points in the uncertainty analysis process, all results obtained from different DOEs were listed in Table 16 . The number of runs of the LHS, UD and MUD is the same, which is 23; while the number of runs of the OBD is 13. From Table 16 , it can be easily found that the results obtained from the OBD are the best, the MUD takes second place, while results obtained from the LHS are the worst ones.
Numerical case 6
The model of this case is
Where the interval of x 1 is [2, 3] , the interval of x 2 is [16, 18] , and the interval of x 3 is [5, 6] , the truth value of y is [22.00, 1.75]. The OBD, LHS, UD and the MUD were all employed to generate sample points for analyzing the interval of y in the next. Results obtained from different DOEs are all listed in Table 17 . The number of runs of the LHS, UD and MUD are the same, which is 31; while the number of runs of OBD is 17. From Table 17 , it can be easily found that the results obtained from the OBD are the best, the MUD takes second place, while the results obtained from the LHS are the worst ones.
Numerical case 7
Where the interval of x 1 is [1, 5] and the interval of x 2 is [0, 2p], the truth value of y is [24, 10] . The OBD, LHS, UD and the MUD were all employed to generate sample points for analyzing the interval of y in the next. Results obtained from different DOEs are all listed in Table 18 . The number of runs of the LHS, UD and MUD are the same, which is 23; while the number of runs of the OBD is 15. From Table 18 , it can be easily found that the results obtained from the OBD are the best, the MUD takes second place, while the results obtained from the LHS are the worst ones.
Discussions

Results obtained from different DOEs
From numerical cases 4-7, it can be easily found that the results obtained from the LHS are the worst ones, while the results obtained from the UD are the last but one, all are worse than the results obtained from the OBD and MUD.
As for the OBD and MUD, in cases 5-7, the results obtained from the OBD are all better than the results obtained from the MUD. The model in cases 5 and 6 are all strictly monotone in function, and there are enough sample points lying on the boundary of the definition domain in the OBD, this is the reason why the results obtained from the OBD are the same as the true value. Which means that if the model is a strictly monotone function, the true interval of the index can be obtained by the OBD.
The model in case 4 is a nonlinear function, some extreme values lie in the definition domain, this may be the reason why the results obtained from OBD are worse than the results obtained from the MUD; however, the model in case 7 is also nonlinear function, the results obtained from the OBD are better than the MUD, the reason might be that there is a step 7 in the OBD. As a matter of fact, in the numerical case 7, it is difficult to obtain a reasonable response surface model according to the experimental results in the OBD (design table and results are all listed in Table 19 ). In any case, two conclusions can be given here: as for the OBD and the MUD, the results obtained to determine which one is better are interesting, and the problem needs to be studied deeply; and the results obtained from the different DOEs can be improved by dealing with these experimental data properly.
The number of simulation runs of DOEs
As we know, the number of simulation runs of a DOE is important, especially in traffic accident reconstruction. According to Zou's research, 11 for an s factor problem and when the UD was selected to generate sample points, the number of simulation runs is 4s + 3 if the second order response surface model is selected, which means that the number of simulation runs of the UD is 4s + 3. Similarly, the number of simulation runs of LHS is also 4s + 3.
From the analysis in section 5, if the OBD is selected to generate sample points and 3 levels of each factor are confirmed, if 1 4s4 4, the number of simulation runs is about 2s + 9; if 5 4s4 13, the number of simulation runs is about 2s + 27, in which the constant 9 or 27 is determined according to the OD table and the accurate number of simulation runs is determined according to the simulation model. If . 3 levels are confirmed, such as 4 levels, the number of simulation runs is about 2s + 16, in which s4 5. In some cases, if there are large uncertainties of some traces, . 3 levels of each factor should be confirmed and there are . 5 uncertain factors, under such conditions, the OBD cannot work well in practice.
From the analysis in section 6, if the MUD is selected to generate the sample points, the interval of each factor is divided into three sub-intervals and there are three sample points in each sub interval, the number of simulation runs is s 2 + 3s + 13. Obviously, the number of simulation runs of the MUD is bigger than the number of simulation runs of the OBD under such conditions. If there are large uncertainties of some traces in an accident, and then the interval of each factor is divided into . 3 sub-intervals, for example 4, and there are 3 sample points in each sub interval also, and then the number of simulation runs of the MUD is s 2 + 3s + 16 and it can work in any conditions. The number of simulation runs of the UD/LHS is bigger than the number of the OBD in some cases, such as when s = 4 or 13, the number of simulation runs of the UD/LHS is lesser than the number of the OBD in most cases; and the number of simulation runs of the MUD is obviously bigger than the number of the OBD. Hence, under normal circumstances, it can be concluded that the number of simulation runs of the MUD is the maximum one, while the OBD takes second place, the numbers of simulation runs of the UD and LHS are the same and are the minimum ones.
In summary, results obtained from the OBD and MUD are better than the results obtained from the UD and LHS, but the number of simulation runs of the OBD and the MUD are all greater than the UD and the LHS. Which means that in order to obtain more accurate results, more simulation experiments should be conducted. As for the OBD and MUD, the results obtained from which one is better is a problem that needs to be studied deeply, but the MUD can be applied more widely than the OBD, while a lesser number of simulation runs is needed by the OBD.
A vehicle-pedestrian accident case
Considering the analysis above, the OBD is a worthwhile DOE in practice. Therefore, a true vehiclepedestrian accident will be studied to show the application of the OBD in practice. On the evening of the 13th April 2015, a 45 year old woman was impacted by a GEELY on a dry side street in Changsha, Hunan, China. The sketch of the accident scene is given in Figure 3 , the deformation of the vehicle is given in Figure 4 . The pedestrian is a 161 cm tall woman, weighing 65 kg, she was killed in the accident by a craniocerebral injury. In a strange way, there is not any serious injury to any other parts of the pedestrian except some brush burn to her face, hand and torso, and there is palpable hematomas on the back of her head. From the police investigation, the throw distance of the pedestrian was about 23 m, the interval is [22, 24] m; and according to existing research, the coefficient between the pedestrian and the road is about 0.6, its interval can be given as [0.5, 0.7]. The next assignment is to reconstruct the impact velocity. Firstly, Pc-Crash was employed to simulate the accident. After many simulations, traces in the simulation agree well with traces left at the accident scene when the impact velocity is 54 km/h and the velocity of the pedestrian is 4 km/h. The simulation results are shown in Figure 5 , it can be easily found that the rest positions of the vehicle and pedestrian and the impact position in the simulation are all in good agreement with the true positions. Figure 6 shows the relative position of the vehicle and the pedestrian in simulation when t = 0.015 s and 0.057 s, and comparison with the deformation of the hood and the bumper of the vehicle, meaning that the contact position between the pedestrian and the vehicle in the simulation is in good agreement with the true conditions. Figure 7 shows the relative position of the vehicle and the pedestrian in the simulation when t = 0.075 s, through comparison with the deformation of the windshield of the vehicle, it can be concluded that the contact place between the pedestrian and the windshield in the simulation is in good agreement with the true conditions. Additionally, considering the direction of the pedestrian shown in Figure 3 and that there is a palpable hematomas on the back of the pedestrian's head, meaning that this is a rear-end collision accident, Figure 6 can explain this well. Next, the injury information of the pedestrian can be used for validating the rationality of the simulation. The injury to the different parts of the pedestrian in the simulation is shown in Table 20 , and the values of HIC36 are shown in Figure 8 . From Table 20 , it can be seen that although important parts of the pedestrian, such as the torso and the lower leg were impacted seriously in the accident, there is not an obvious fracture on these parts, this is the reason why there is not any serious injury to any other parts of the pedestrian except some brush burn to her face, hand and torso. However, the HIC36 of the head is 1763, which is . 1000, this is the reason why the pedestrian was killed by a craniocerebral injury.
Until now, the conclusion that all traces in the accident can be explained well by the simulation can be given, which means that the simulation is in good agreement with the true condition.
Finally, the interval of the impact velocity should be analyzed according to intervals of the throw distance of the pedestrian and the coefficient between the pedestrian and the road. According to the OBD, simulation tests and results can be given, all are listed in Table 21 .
Then, a response surface model can be given according to the simulation results listed in 
Conclusions
In the study, in order to obtain a more reasonable interval of an accident reconstruction result according to intervals of factors, the most commonly used DOEs, such as the UD, the LHS and the OD, were introduced firstly; and then two new DOEs, which are named as OBD and MUD, were proposed. Through seven numerical cases, conclusions can be given as follows. this field, which needs to be studied thoroughly in the future. 2. The number of simulation runs of the UD is the same as the LHS, all are lesser than the number of simulation runs of the OBD and MUD. Which means that in order to obtain more accurate results, more simulation runs are needed. As for the OBD and MUD, generally, the number of simulation runs of the OBD is lesser than the number of simulation runs of the MUD. However, the MUD can be applied more widely than the OBD, especially in complicated cases. Again, which one is better is a problem that needs to be studied thoroughly.
Finally, a true vehicle-pedestrian accident was given. The accident was reconstructed by the Pc-Crash firstly, and then the OBD was applied to generate the sample points in the domain defined by uncertain traces, such as the throw distance of the pedestrian and the coefficient between the pedestrian and the road, the interval of the impact velocity in the accident was finally calculated as being [50. 4, 57 .0] km/h.
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